In this study, different types of cereal grains (maize, wheat, triticale), and their respective distillers dried grains with solubles (DDGS: DDGSM, DDGSW, DDGST) were used. Their effects on parameters expressing nutritional value for ruminants were assessed. The chemical composition of the DDGS was significantly differed (P<0.01), similarly as that of the cereal grains. The DDGS from maize was the highest in fat ( kg -1 DM). The DDGS were three times higher in PDIN values than the original grains (P<0.01). DDGSM had lower in situ effective CP degradability (46.5%) than DDGSW (58.5%) and DDGST (76.8%), but the highest and most stable intestinal digestibility (ID) of rumen undegraded CP (94.3%). The most variable intestinal digestibility was found in DDGSW samples (79.6%-92.2%). The acid detergent insoluble CP (ADICP) content (% from total CP) was significantly higher in wheat and triticale DDGS than in the original grains. There were significant plant effects on fat, ME, NEV, ADICP (P<0.01), ADF, and NADIP (P<0.05). We can conclude that all types of DDGS are a good source of CP and energy for ruminants.
INTRODUCTION
Rapid growth of the bioethanol industry has made large quantities of distillers dried grains with solubles (DDGS) available for use in animal feeding (Kleinschmit et al., 2007) . Their variable quality requires systematic evaluation of the nutritional value of different types of DDGS, allowing more precise diet formulation. In Europe the assessment of the nutritive value of DDGS is still under way. DDGS have high feeding values due to their abundance in certain nutritive components and can replace rapeseed meal or soyabean meal as a protein source in diets for dairy cows or growing fattening bulls (Sasikala-Appukuttan et al., 2008; Franke et al., 2009; Meyer et al., 2010) . There are many factors that are responsible for the variability in chemical composition and nutritional value of DDGS. The composition and nutritional value of DDGS depend on the cereal grains used (Buenaventura et al., 1987; Rasco et al., 1987; Lee et al., 1991; Akayezu, 1998; Stein et al., 2009; Nuez-Ortín and Yu, 2010a ) and on the processing techniques, particularly on the technological conditions (Harty et al., 1998; Knott et al., 2002; Belyea et al., 2004; Berk et al., 2008; Kingsly and Ileleji, 2009) .
Existing sophisticated nutrition models (PDI -Vérité et al., 1989 ; DCE/OEBsystem - Tamminga et al., 1994; NRC, 2001; etc.) for ruminants are able to predict the protein value of feeds and the requirements of animals for ruminally degraded, intestinally digested and absorbed protein. The metabolic characteristics of DDGS protein and energy values are necessary for effective practical exploitation of DDGS in the nutrition of ruminants.
When using DDGS as ruminant feedstuff, attention must be focused chiefly on the quality of CP (such as protein subfractions, in situ CP degradability, intestinal digestibility of rumen undegraded protein, RUP) and their metabolic characteristics.
The objective of this study was to evaluate the effect of various cereal grains on the quality of DDGS produced and to compare the nutritive value of grains and their derived DDGS as feedstuffs for ruminants.
MATERIAL AND METHODS

Material
Eighteen samples of bioethanol by-product DDGS (11 samples from maize -DDGSM, 5 samples from wheat -DDGSW, 2 samples from triticale -DDGST) and thirteen samples of bioethanol plants (6 samples of maize, 4 samples of wheat and 3 samples of triticale) of Slovak and Czech origin were milled on a 1 mm screen for chemical analysis. Samples were analysed for DM, CP, fat, NDF, ADF and ADL according to the Decree of the Ministry of Agriculture of the Slovak Repub. No. 1497 No. /4/1997 No. -100 (1997 .
Analysis
The crude protein profile (soluble CP (SCP), acid detergent insoluble CP (ADICP), and neutral detergent insoluble CP (NDICP)) was analysed according to Licitra et al. (1996) in a lower number of samples (5 samples of DDGSM, 2 samples of DDGSW, 2 samples of DDGST, 5 samples of maize, 2 samples of wheat and 3 samples of triticale).
Effective CP degradability and degradation parameters (a,b,c) were determined by the in situ method on three rumen fistulated cows. The animals were fed twice a day with a maintenance diet consisting of 70% forage and 30% concentrate on a dry matter basis at maintenance level. The ration consisted of lucerne hay, maize silage, cereal meal (wheat:barley 1:1), mineral and vitamin feed additive. About 4.5 g of feed samples were ground to pass a 3-mm sieve and weighed into bags (80 x 150 mm) made from polyamide cloth, Uhelon 120T, with a pore size of 47 µm (with a minimum of three bags per animal) and incubated for 3, 6, 9, 16, 24 and 48 h in the rumen. After incubation the bags were rinsed under cold tap water to remove excess ruminal contents. The bags were washed in a household washing machine without spinning and subsequently dried at 50º C for 24 h. Washing losses were determined for 0 h incubation. The parameters of crude protein degradation and effective degradability were calculated using the Neway programme based on the equations described by Ørskov and McDonald (1979) . In the calculation of effective CP degradability an outflow rate of 0.06 . h -1 was used. Three cows with permanent T-canulae in the duodenum behind the pancreas were used for the mobile bag method. The undegraded freeze-dried residues after 16 h ruminal incubation were weighed into small bags of 2.5 x 4.0 cm (made from Uhelon 130T with a pore size of 42 μm), incubated in a pepsin -HCl solution (30 min at 39°C), and inserted into the duodenum, according to the method described by Straalen and Huisman (1991) .
The energy value of bioethanol plants and DDGS was calculated according to the equations for metabolizable energy, ME, net energy of lactation, NEL, net energy of gain, NEV (Sommer et al., 1994) ; protein values (PDIN and PDIE) were calculated according to the equations of the PDI system (Vérité et al., 1989) .
Statistical analysis
The obtained data were analysed by two-way analysis of variance with unequal subclass numbers of observations per cell (Grofík and Fľak, 1990) with the Bonferroni multiple comparison test, and by Student's t-test. The statistical software package Statistix 9 was used for the statistical analyses.
RESULTS AND DISCUSSION
Cereal grains with a high starch content are used in fermentation processes to produce ethanol. The unfermented grain portion with added stillage after drying gives by-products, i.e., dried distillers grains with solubles (DDGS), that have a high fibre content and crude protein that is a good source of rumen undegradable protein (RUP). Many studies Harty et al., 1998; Knott et al., 2004; Urdl et al., 2006; Kleinschmit et al., 2007; Nuez-Ortin and Yu, 2009 ) have shown that DDGS may be highly variable in nutrient content and CP availability. Factors influencing the composition of distillers by-products include the type of grain used, amount of solubles added (Belyea, 1994) , and fractionation of particle size Liu, 2008) . Our results showed that chemical composition was significantly different among DDGS types as well as among raw cereal grains (Table 1) . Maize DDGS was higher in fat and lower in CP and ADF than wheat and triticale DDGS (P<0.01). ADL was the highest in triticale DDGS (P<0.01). A lower content of CP, NDF and ADF and higher fat in DDGSM than in DDGSW and DDGST was found (Table 1) . The relatively higher content of NDF and ADF in the last two DDGS could be associated with added stillage solubles. According to Lee et al. (1991) wheat stillage solubles contain more fibre (about 3 times) than that from maize. A similar tendency in the concentration of CP, fibre and fat was observed by Lee et al. (1991) in an experiment with maize, durum, and/or spring wheat DDGS. Large variation in total dietary fibre (TDF) content was found (according to the authors, the contents of TDF and NDF should be equivalent) in maize (32%), wheat (35%), barley (84.7%) and sorghum (67.8%) DDGS (San Buenaventura et al., 1987) . Stein et al. (2009) compared 4 samples of maize DDGS that were relatively similar in their CP concentration, however, the concentration of ether extract, ADF, and NDF varied more than 25% among samples. Franke et al. (2009) in DDGS consisting of 90% wheat and 10% barley found a much higher content of NDF (496 g . kg -1 DM) and lower content of ADF (159 g . kg -1 DM) than in our DDGSW samples. Spiehs et al. (2002) studied nutrient values of maize DDGS produced from new ethanol plants. They found large variability mainly in NDF and ADF concentrations among and within plants (n=118 samples). Our results are in good agreement with those published data. In all types of DDGS, the samples contained about 2-4 times more nutrients (CP, fat, NDF, ADF, ADL) than the original grains, in agreement with data from the literature Nuez-Ortin and Yu, 2009; Stein et al., 2009) , except for the starch concentration, which was much lower (on average for DDGSM 45.4 g .
kg
-1 DM, DDGSW 38.5 g . kg -1 DM, DDGST 37.4 g . kg -1 DM, respectively) than in grains (Chrenková et al., 2011) . Two-way analysis of variance shows significant interaction of original grains x DDGS in fat content (P<0.01) and ADF content (P<0.05).
The samples of all types of DDGS had similar energy values that were calculated from the concentration of nutrients determined in this experiment. The ME, NEL and NEV values in DDGS were significantly lower (T-test; P<0.01 or P<0.05) than in maize, wheat and/or triticale ( kg -1 DM ) in which various samples of wheat DDGS highly varied in their nutrient concentrations. The lower concentration of energy in DDGS samples was due to the removal of starch in the ethanol production process. Significant differences were found in ME and NEV only among raw cereal grains. As expected, maize was higher (P<0.01) in ME and NEV compared with wheat and triticale, which is due to its higher content of starch and fat. An interaction of raw cereal grains x DDGS was significant for ME and NEV (P<0.01). As for protein quality, maize DDGS is known as a source of good quality rumen undegraded protein (Owen and Larson, 1991; Harty et al., 1998; NuezOrtin and Yu, 2010b) . The results in Table 2 show high values of PDIN in all types of DDGS. Comparison of DDGS and raw cereal grains (T-test) showed that the DDGS were three times higher in PDIN values than the original grains (P<0.01). No significant differences in PDIN among original grains or among the respective DDGS types were observed. Also no effect of the plant on the protein quality of DDGS was observed.
x x x
The very high PDIN values in the DDGS samples can be attributed to their lower rumen effective crude protein degradability (EDCP) and high intestinal digestibility (ID) of RUP (Table 3) . The RUP after 16 h incubation in the rumen was relatively low in DDGST (approx. 30%), in contrast, it was variable and higher in DDGSM (38.6-49.9%) and DDGSW (29.7-62.7%), as also shown by Chrenková et al. (2010) . Similar values were observed by Oba et al. (2010) for maize DDGS and triticale DDGS. There were significant differences between bioethanol plants (P<0.01) and DDGS type (P<0.05) in EDCP. The highest EDCP (79.5% and 76.8%) was found for triticale and DDGST and the lowest for maize and DDGSM (49.6%, and 46.5%). The lower EDCP in maize DDGS relative to wheat DDGS was reported also by Nuez-Ortin and Yu (2010a). According to them this is due to the resistance of zein, which is the main maize protein source, to ruminal degradation. EDCP in triticale DDGS (76.8%) was higher than in wheat DDGS (58.5%). The EdCP of wheat DDGS was relatively highly variable (v=18%). RUP values in maize, wheat and triticale DDGS reported in the literature are highly varied. Harty et al. (1998) presented RUP values of 95 samples of maize DDGS that ranged from 48 to 63% of CP. The quality of RUP is mainly determined by its digestibility in the small intestine that affects the efficiency of RUP utilization. The intestinal digestibility of RUP and individual amino acids can be highly variable, as shown by our previous results (Chrenková et al., 2010 (Chrenková et al., , 2011 . Similar high variability of ID was determined in DDGS samples (n=95) and ranged from 64.2 to 92.2% (Harty et al., 1998) . The variability in crude protein degradability and ID in the case of DDGSw (Figure 1) was not caused by grain species only. These results indicate that various ethanol processing methods (presumably DDGS drying) may affect protein intestinal digestibility and absorbed protein. Previous studies have shown a negative effect of overheating on intestinal digestibility in other feedstuffs (Sommer et al., 1994; Mc Kinnon et al., 1995; Čerešňáková et al., 1996) . The differences concerning rumen degraded and intestinally digested protein values were largely associated by differences (P<0.01) in ADICP (Table 4) (22.17% of total CP) and in DDGST (27.9% of total CP). When comparing the wheat and triticale grains and the derived DDGS samples, the later were three times higher in ADICP than the original grains. These results are much higher than the 1.9% CP for triticale and 12% CP for DDGST (Liu, 2012) . Ethanol processing also had a significant effect on the soluble fraction of CP in DDGS. Harty et al. (1998) reported high variation for soluble protein ADIP in maize DDGS, probably due to differences in amounts of solubles added and in the heat treatment of DDGS. They also found poor correlation of ADIP with RDP (r=0.04) or with intestinal availability (r=-0.28). Protein solubility was significantly reduced in DDGS compared with raw cereal grains, except for triticale. Similar results were reported by Nuez-Ortin and Yu (2009) . DDGSM was lower (P<0.01) in SCP (9.6% of total CP) than DDGSW (16.1% of total CP) and DDGST (28.2% of total CP). The main part of soluble CP (58.3 g . kg -1 DM) was NAN, with an average of 45.3 g . kg -1 DM (data not shown). The crude protein profile was highly varied in raw cereal grains and also in DDGS. Two-way analysis of variance confirmed significant interactions between original grains and DDGS for ADICP (P<0.01) and for NDICP (P<0.05).
Analysis of the chemical composition (mainly NDF, ADF, ADICP contents) of native or treated feeds does not fully explain the digestibility of CP. Some studies show that availability of CP is related to the molecular structure of the protein (Nuez-Ortin and Yu, 2010) . Their results showed that the α-helix-to-β-sheet ratio in DDGS proteins had a strongly negative correlation with intestinal digestibility of RUP (r = -0.95). In his study, Liu (2012) compared the DDGS protein molecular structure with the original grain in order to detect structural changes in proteins caused by processing. The amide profiles (the amide I-to-amide II ratio) separated from grains and DDGS can be used as a predictor to evaluate protein digestive characteristics.
CONCLUSIONS
In this study, all types of DDGS proved to be a good source of intestinal digestible (ID) and absorbable protein in the small intestine. The samples of DDGS contained crude protein (CP) with a relatively low effective CP degradability and low CP solubility. The energy content was significantly higher in DDGS from maize than in that from wheat or triticale. This can be explained by its higher fat content. Although data for all types of DDGS indicate that they are an excellent source of protein and energy, because of their large variability in quality, it is still necessary to determine their nutritional value.
